We report on photometry and high-resolution spectroscopy for IRAS 19285+0517. The spectral energy distribution based on visible and near-IR photometry and far-IR fluxes shows that the star is surrounded by dust at a temperature of T d ∼ 250 K. Spectral line analysis shows that the star is a K giant with a projected rotational velocity v sini = 9 ± 2 km s −1 . We determined the atmospheric parameters: T eff = 4500 K, log g = 2.5, ξ t = 1.5 km s −1 , and [Fe/H] = 0.14 dex. The LTE abundance analysis shows that the star is Li-rich (log ǫ(Li) = 2.5±0.15), but with essentially normal C, N, and O, and metal abundances. Spectral synthesis of molecular CN lines yields the carbon isotopic ratio 12 C/ 13 C = 9 ±3, a signature of post-main sequence evolution and dredge-up on the RGB. Analysis of the Li resonance line at 6707Å for different ratios 6 Li/ 7 Li shows that the Li profile can be fitted best with a predicted profile for pure 7 Li. Far-IR excess, large Li abundance, and rapid rotation suggest that a planet has been swallowed or, perhaps, that an instability in the RGB outer layers triggered a sudden enrichment of Li and caused mass-loss.
abundance of log ǫ(Li)≈3.0. Classical calculations (Iben 1967 ) predict a reduction by a factor of 30 and 60 for solar metallicity stars of 1 M ⊙ and 3 M ⊙ , respectively. If some lithium has been destroyed prior to evolution off the main sequence, the red giant's lithium abundance will be even further reduced. However, as a very luminous asymptotic red giant (4-7 M⊙), theory and observations show that surface lithium can be replenished and even increased above the initial or interstellar abundance thanks to hot bottom burning in intermediate-mass stars (Sackmann & Boothroyd 1992 ).
This paper is concerned with a red giant that has yet to evolve to the asymptotic giant branch but that has a lithium abundance greatly in excess of that expected of a star on the red giant branch. Wallerstein & Sneden (1982) discovered the first such red giant: HD 112127 with log ǫ(Li) ≃ 3.0, i.e., the interstellar value. In the last two decades, additional examples have been discovered; Charbonnel & Balachandran (2000) list 17 stars (including 3 subgiants, 2 early-AGB stars, and 2 for which evolutionary status has yet to be determined) with log ǫ(Li) ≥ 2.0, and include several additional examples with a lower lithium abundance which is most probably in excess of that expected of a red giant. Three of the 17 stars have a lithium abundance clearly greater than the stars' probable initial value. Charbonnel & Balachandran (2000) lists v sini values for 22 giants of which 10 have v sini > 8 km s −1 . If we include the PDS 365 (Drake et al. 2001 ) and the IRAS 19285+0517 a Li-rich candidate by de la Reza et al. (1997) . The star is IRAS 19285+0517, also known as PDS100 after the Pico dos Dias Survey (de la Reza, Drake, & da Silva 1996) . No prior quantitative spectroscopy of this star has been reported. We show from high-resolution echelle spectra that the star is Li-rich (log ǫ(Li) ≃ 2.5) and rapidly rotating (v sini ≃ 9 km s −1 ).
OBSERVATIONS

Photometry
Standardized photometry was carried out for this object at the Kitt Peak National Observatory (KPNO). Visible photometry was made using a CCD on the 0.9 m telescope on 1995 September 13 and near-infrared observations were made using the Cryogenic Optical Bench (COB) infrared camera on the 2.1 m telescope on 1995 October 12. The results are listed in Table 1 .
The object is red, with B−V = 1.48. Some of the reddening may be due to interstellar extinction and some also due to circumstellar extinction. An effective reddening of E(B − V ) = (B − V ) obs − (B − V ) pred = 0.34 was estimated using a predicted color B-V = 1.14 for the derived atmospheric model (next section) and synthetic colors computed by Girardi et al. (2000) . The visible photometry is corrected for extinction using the extinction curve computed by Seaton (1979) , and the near-infrared values are corrected for extinction using the relationship between infrared and visible extinction (Cardelli, Clayton, & Mathis 1989) . Flux-converted photometry is compared with the Kurucz 
High-Resolution Spectroscopy
A high-resolution spectrum of IRAS 19825+0517 was obtained on 1997 October 17 with the McDonald Observatory's 2.7 m telescope using the cross-dispersed echelle spectrograph (Tull et al. 1995) . Three spectra were recorded on a CCD, each with an exposure of 20 minutes. A Th-Ar hollow cathode lamp was observed between the stellar exposures. The spectra were reduced in the standard fashion using the IRAF 2 . The final combined spectrum has a signal-to-noise ratio S/N ≃ 350 in the continuum at 6500Å and a resolving power of λ/∆λ ≃ 55, 000, as measured from the comparison lines. The usable spectrum covers the wavelength interval from about 5000Å to 9500Å with gaps between echelle orders longward of 5680Å. Below 5000Å the lines are too blended and the S/N ratio is too low for analysis.
Inspection of the spectrum confirmed the great strength of the Li i 6707Å line, the atypical widths of all absorption lines, and unusual profiles of the Na D and Hα lines (Figure 2 ). Both Hα and Na D profiles are seen to be asymmetric. An asymmetric Hα profile is common in Li-rich K giants (Drake et al. 2001) and is attributed to chromospheric activity in the star. The core (deepest part of the line) of the Hα profile is at the systemic velocity (V r ) of 2.0±1.5 km s −1 . The Na D profiles are complex. The line cores are asymmetric like Hα. There is a strong absorption at −16 km s −1 with respect to the systemic velocity. This may be due to circumstellar gas but we can not exclude the possibility of an interstellar origin. More interesting is the shallow broad blue-shifted absorption. This component is surely of circumstellar origin.
ANALYSIS
For the abundance analysis we adopted the widely used grid of LTE model atmospheres computed by Kurucz (http://cfaku5.harvard.edu). The models are available in steps of 250 K (T eff ), 0.5 dex (log g), and 0.5 dex ([M/H]). Required models were interpolated.
Another basic requirement in the abundance analysis is a set of reliable gf -values for the selected lines. For many of the transitions, laboratory measured gf -values are available.
For the rest of the transitions we chose reliable theoretical values. For iron, a large number of Fe i and Fe ii line gf -values were reviewed by Lambert et al. (1996) . For other elements, we used the large compilation of R.E. Luck (1993, private communication) . All of the atomic data were examined by deriving abundances for the Sun and the K giant Arcturus.
Equivalent widths (W λ ) for the Sun were measured using the spectrum of the asteroid Iris (reflected solar spectrum) obtained with the same instrument as that used for our program star. In the case of Arcturus, we used high-resolution digitized spectra published by Hinkle et al. (2000) .
Atmospheric Parameters
Effective temperature (T eff ), surface gravity (log g), microturbulent velocity (ξ t ), and chemical composition (in short, [Fe/H] ) are essential atmospheric parameters. For IRAS 19285+0517, the atmospheric parameters are determined spectroscopically. Standard procedures are not directly applicable here because the high rotational velocity increases the blending of lines and reduces the number of useful lines. In a modification of the standard procedure, we first determined ξ t and then proceed to the determination of the latter parameters.
To determine ξ t we chose combination of weak and strong lines of the same species and with similar lower excitation potentials (LEP). Differences in abundance from the strong and weak line (DABUN(s-w)) were computed for a range of ξ t . Line combinations from Fe i, Co i, and Ni i were considered; details are given in Table 2 . The condition DABUN(s-w) = 0 provides ξ t . Figure 3 shows the run of DABUN(s-w) vs ξ t for the selected pairs. All intersect DABUN(s-w) = 0 at a similar value of ξ t ; we adopt ξ t = 1.5 ± 0.1 km s −1 . This result is insensitive to the adopted T eff and log g. We found the T eff insensitivity for pairs of Both sets of lines yield T eff = 4500 ± 100 K.
Application of ionization balance using the previously determined ξ t and T eff then gives an estimate of the surface gravity with the abundance of the metal used in the exercise.
Neutral and singly-ionized lines of Fe, Cr, and Ti give three independent estimates of log g.
The number of lines in each solution is (n atom , n ion ) = (32,8), (8,2), and (9,4), and these lead to log g solutions of 2.7, 2.3, and 2.5 for Fe, Cr, and Ti, respectively. We adopt a mean value log g = 2.5 ± 0.25. The iron abundance (relative to the Sun) determined is [Fe/H] = +0.14±0.16.
As a check on our choice of lines and atomic data, we derived atmospheric parameters -8 -for Arcturus, a slowly rotating bright K giant of similar T eff and log g but of lower [Fe/H].
For our selection of lines, we measured equivalent widths (W λ ) from the high-resolution spectral atlas published by Hinkle et al. (2000) . A determination of ξ t from the pairs of The derived atmospheric values are given in Table 3 .
3.2. Physical Parameters: v sini, V r , and L
The projected rotational velocity of IRAS 19285+0517 was estimated by fitting a synthetic spectrum to the portions of the observed spectrum. In addition to microturbulence, collisional broadening, and rotation, we included macroturbulence. This was modeled as a Gaussian distribution function with parameter V m for which we adopted V m = 3 km s −1 , a value typical of K giants (Fekel 1997) . Using the current version of the spectrum synthesis code MOOG (Sneden 1973) , we synthesized profiles of a few strong lines. The standard form of rotational broadening was assumed (Gray 1992 ) with a limb-darkening coefficient ǫ taken from Wade & Rucinski (1985) . Note that the predicted profile for the v sini = 2.0 km s −1 for normal K giants (De Medeiros et al. 2000) is far too sharp to match the observed profile. A profile for v sini = 9 ± 2 km s −1 best fits the observed profiles. The result is insensitive to the adopted value of V m ; if the macroturbulence is neglected, v sini = 9.5 km s −1 is found.
Another important quantity is the heliocentric radial velocity V r = 2.0± 1.5 km s −1 (Observing date: 1997 October 17 and 01:37:22 UT), derived using the wavelength shifts of many symmetric absorption features. The measurements of V r for lines of LEP in the range of 0 -9 eV show that the measured V r is independent of LEP.
The evolutionary status of IRAS 19285+0517 may be assessed from its luminosity, which we determine from the standard expression derived from the relations
Given the derived T eff and log g, we obtain log L/L ⊙ = 1.5 ± 0.2 for an assumed mass of 1M ⊙ and log L/L ⊙ = 1.8 for 2M ⊙ . As judged by its location in the H-R diagram, IRAS 19285+0517 is probably a He-core burning or clump giant. Evolutionary tracks computed by Bertelli et al. (1994) for the composition Z = 0.02 and Y = 0.28 put the clump giants at log L/L ⊙ = 1.7 and T eff = 4500 K after 10 10 yrs for a mass M ≈ 1 M ⊙ at the main sequence turn-off.
CHEMICAL COMPOSITION
A thorough abundance analysis was made using a Kurucz convective model atmosphere having the adopted atmospheric parameters. For selected elements, spectrum synthesis was conducted but for most elements unblended lines could be found. We discuss the results under the headings: general metal abundance, lithium, and C, N, and O abundances.
General Metal Abundances
Lines of elements from Al to Nd were identified despite the moderate rotational line broadening. Identifications were checked against the high quality spectrum of Arcturus (Hinkle et al. 2000) . The entire line list was checked against equivalent widths measured from the spectrum of the asteroid Iris, and where necessary gf -values were adjusted. Table 4 summarizes the abundances log ǫ(X) and the abundance ratios relative to solar abundances [X/H] and [X/Fe]. Solar abundances (log ǫ(X) ⊙ ), except for C, N, and O, are adopted from Grevesse & Sauval (1998) . For C, N, and O we adopted the abundances derived in this study using the solar spectrum. Uncertainties in the derived abundances are given in the form of σ tot , where σ tot is the quadratic sum of various sources of uncertainties:
the gf -values, the measured W λ (represented by line-to-line scatter), and the derived atmospheric parameters (Table 3) . During the abundance analysis we estimated the uncertainties in the model parameters: δT eff = 100 K, δlog g = 0.25, and δξ t = 0.25 km s −1 .
To within the errors of measurement, abundances from Al to Nd are normal for a star that is slightly metal-enriched relative to the Sun, i.e., [X/Fe] ≃ 0.0 is expected. Specifically, the s-process elements are not enriched, confirming that the star is neither a resident of the AGB nor has received mass from a companion that had evolved to the AGB.
Lithium Abundance
Initial inspection of the spectrum confirmed de la Reza et al.'s (1997) identification of IRAS 19285+0517 as Li-rich. The Li i 6707Å resonance doublet is very strong with an equivalent width W λ ≃ 372 mÅ. Owing to the blending of fine, hyperfine, and possibly isotopic components, the doublet must be analysed using spectrum synthesis. The wavelengths and line strengths of these components are taken from Smith, Lambert, & Nissen (1998) , as corrected by Hobbs, Thorburn, & Rebull (1999) .
To complete the spectrum synthesis, a line list for severalÅngströms around 6707Å
was compiled, primarily from Kurucz (http://cfaku5.harvard.edu). We required that this list reproduce the spectra of the Sun and Arcturus, both Li-poor objects. Then synthetic spectra for IRAS 19285+0517 were computed and broadened with the instrumental profile, the adopted macroturbulence, and rotational broadening. A good fit to the Li i line was Li i 6707Å to atmospheric structure are well reproduced by the synthetic spectra (e.g., the intercombination resonance Ca i line at 6572.8Å of similar strength to the Li i line is reproduced ( Figure 6, bottom panel) ). This is evidence that unusual atmospheric effects are not seriously biassing the isotopic ratio.
Our abundance estimates assume LTE prevails. Carlsson et al. (1994) quantified non-LTE effects for Li i lines in red giants. In the case of the 6707Å line, the correction for non-LTE effects is sensitive to the strength of the line. For a star of log g ≃ 2.0 and T eff ≃ 4500 K with a 6707Å of W λ ≃ 400 mÅ, the non-LTE abundance is only about 0.1 dex lower than the LTE abundance. The non-LTE abundance for the 6104Å line under the same conditions is about 0.2 dex greater than the LTE result. These adjustments are barely larger than the uncertainties of the LTE abundances arising from the errors in the adopted atmospheric parameters, especially the effective temperature.
C, N, and O Abundances
Our approach to finding the C,N, and O abundances was a differential one involving IRAS 19285+0517, the Sun, and α Ser. The K giant α Ser is a Li-poor giant with a T eff , log g and [Fe/H] very similar to that of IRAS 19285+0517. We analysed the same lines in all three objects and consider the differential abundances. In this way, the effects of several potential sources of error (e.g., the CN molecule's dissociation error) are mitigated, if not entirely eliminated.
Spectra of α Ser were obtained also with the McDonald Observatory's 2.7 m telescope and analysed using our standard procedures. Our derived fundamental parameters (Table 3) show that, to within the errors of measurement, it is a 'carbon copy' of IRAS 19285+0517, apart from the great difference in lithium abundance and projected rotational velocity.
Three indicators of the carbon abundance were used: the [C i] 8727Å line, the C I 5380Å line, and a C 2 Swan system triplet at 5135Å with lower weight given to another C 2 feature at 5141Å. We took atomic and molecular data around the [C i] line from Gustafsson et al. (1999) . For the 5380Å line we adopted the theoretical log gf = −1.57 (Biémont et al. 1993) . For the spectrum syntheses near 5135Å (Fig 7) , we took data for C 2 lines from Querci, Querci, & Kunde (1971) , and for MgH and the atomic lines from Kurucz data base.
The derived carbon abundances are given in Table 5 35. Syntheses of the 8005Å region yields for IRAS 19285+0517 the isotopic ratio 12 C/ 13 C = 9 ± 3 from the 13 CN feature at 8004.7Å (Fig 9) . The error on the isotopic ratio was estimated as a quadratic sum of the various uncertainties. The uncertainty in C and N abundances of ±0.1 dex leads to uncertainty of ±2, respectively, in the 12 C/ 13 C ratio. The rms = 0.004 of the S/N at the continuum yields approximately an uncertainty of ±1 in the carbon ratio. The quoted uncertainties in the derived model parameters have insignificant effect on the derived 12 C/ 13 C ratio. The ratio for α Ser was determined to be 12 C/ 13 C = 10±3, which is in good agreement with the ratio 12 C/ 13 C = 12±2 previously determined by Day, Lambert, & Sneden (1973) Oxygen abundances Table 6 .
DISCUSSION
Defining the Anomalies
According to the inferred luminosity and the derived effective temperature, IRAS 19285+0517 is probably a He-core burning (clump) giant. Since the red giant branch for H-shell burning stars at the luminosity of the clump is only slightly cooler than the clump, we cannot exclude the possibility that IRAS 19285+0517 is evolving to He-core ignition.
A normal giant, whether on the RGB prior to He-core ignition or at the clump as a He-core burning star, has a deep convective envelope that developed when the star was a subgiant. The result of convection is to dilute the surface lithium abundance by a factor of about 50 so that a normal lithium abundance does not exceed log ǫ(Li) = 1.2. The convective envelope also brought to the surface material exposed mildly to the H-burning CN-cycle. This process reduces the surface 12 C abundance, reduces the 12 C/ 13 C ratio, increases the 14 N abundance, but is predicted to leave the 16 O abundance unaffected.
Analyses of red giants confirm the sense of these changes but there is ample evidence that observed changes, especially the 12 C/ 13 C ratio, are frequently more extreme than predicted by standard models.
Our reference giant α Ser is a typical giant with its 12 C/ 13 C ratio (12±3) less than predicted by standard models. Observations of the isotopic ratio in giants of the open cluster M 67 show that 'low' (≤ 10) 12 C/ 13 C ratios are found only in giants that have evolved to or beyond the tip of the red giant branch (Gilroy & Brown 1991 for their appearance and/or disappearance; for example, surface lithium abundance may decay as lithium is destroyed internally at a rate different from the rate at which angular momentum is removed from the envelope.
Explaining the Anomalies
An assumption common to the proposed explanations of the Li-rich giants is that, as a subgiant, the star underwent the predicted severe dilution of its original lithium and the lithium was subsequently replenished at some point in the giant's evolution. This is a plausible scenario since several Li-rich giants, some slowly rotating and others rapidly rotating, have a lithium abundance greater than the star's presumed initial abundance.
In addition, there are no known main sequence stars with a lithium abundance that, after standard dilution by the factor of about 30 to 50, would provide the high lithium abundance of the Li-rich giants. Therefore, proposed explanations envisage either lithium production by the giant or replenishment of surface lithium by capture of one or more planets. Explanations should be judged for plausibility not only for the lithium abundance but also by their ability to account for the existence of circumstellar material as revealed through the infrared excess and for the rapid rotation of many Li-rich giants.
Proposals invoking lithium production exploit the 3 He reservoir predicted to exist outside the He-core and, if present, the H-burning shell of the red giant. This reservoir was built up in the main sequence star outside its H-burning core in layers sufficiently hot for 3 He to be produced by the initial steps of the pp-chain but not so hot that 3 He was quickly destroyed. The giant's convective envelope that diluted the surface lithium also smeared the 3 He reservoir over the envelope. Given this supply of 3 He, the reactions 3 He(α, γ) 7 Be(e, ν) 7 Li may convert 3 He to 7 Li. To achieve efficient lithium production, the 7 Be must be swept quickly to lower temperatures in order to avoid destruction of 7 Be and 7 Li by hot protons. This scenario of lithium production, which is commonly called the Cameron-Fowler (1971) mechanism, accounts for the Li-rich AGB stars which are predicted to have a deep convective envelope with a hot bottom.
The 3 He reservoir has been invoked by several authors (e.g., Sackmann & Boothroyd 1999) as the key to the Li-rich giants (i.e stars at luminosities too low for them to be identified as AGB giants) but, in many cases, the physical trigger for 7 Li production has not been identified. Palacios, Charbonnel, & Forestini (2001) have suggested that the burning of 7 Li created by depletion of the 3 He reservoir enables lithium to get to the surface.
Rapid rotation is suggested as a way to generate a 'lithium flash' to enhance the mixing and surface abundance. This process is expected to occur when the red giant's H-burning shell burns through a discontinuity in mean molecular weight introduced previously by the development of the convective envelope. A majority of the Li-rich giants appear to be at the predicted luminosity (Charbonnel & Balachandran 2000) , as estimated from their
Hipparcos parallaxes. (The luminosity and T eff are not very different from the prediction for He-core burning giants.) This interesting idea only in a more speculative fashion accounts for the infrared excess; the luminosity increase of about a factor of 2 during the brief flash (duration ∼ 10 3 yrs) is blamed for the mass loss on the empirical evidence from much more luminous stars that mass loss increases with luminosity. The idea does explain why lithium is pure 7 Li. If our suspicion is confirmed that the carbon and nitrogen abundances of IRAS 19285+0517 are less extreme than expected for a normal red giant, this would seem to present a difficulty for the Li-flash scenario; the predicted duration of the flash is too short to affect the abundances which should reflect fully the alterations induced by the convective envelope.
An alternative explanation for the main anomalies (Li enrichment, rapid rotation, and circumstellar matter) is the accretion by the red giant of material in the form of planets or a brown dwarf. This has been discussed to different degrees of detail by Alexander (1967) , Siess & Livio (1999) and and Denissenkov & Weiss (2000) . Siess & Livio (1999) discuss the accretion of a planet or brown dwarf by 1 M ⊙ red giants of different luminosities. It is shown that the red giant may be spun up, eject mass, and become enriched in lithium. Considerable adjustments to the internal structure occur but the surface lithium enrichment results entirely from the lithium in the accreted material. If destruction of lithium is avoided, the maximum lithium abundance resulting from the accretion of giant planets or a brown dwarf is necessarily the interstellar value (say, log ǫ(Li) ≃ 3). The lithium abundance of IRAS 19285+0517 is comfortably below this limit but several Li-rich stars (Charbonnel & Balachandran 2000; Drake et al. 2001) have lithium above this limit. In principle, higher lithium abundances are possible through the accretion of terrestrial planets (i.e., cosmic material less hydrogen, helium, and other volatiles), but this requires that the mass of the material from which the terrestrial planets were derived exceeds the mass of the red giant (Brown et al. 1989) , which would seem to be a difficult condition to meet. Denissenkov & Weiss (2000) propose that accretion activates the Cameron-Fowler mechanism and thus the surface lithium abundance may exceed the initial value before destruction sets in.
In addition to accounting for the lithium, the rapid rotation, and the infrared excess, accretion of giant planets or a brown dwarf serves to adjust the C and N abundances towards their initial values and away from the changed values induced by the convective envelope. If the lithium is added without subsequent destruction, the isotopic lithium ratio would be expected to be close to the initial value for the star and its natal cloud, which, on the basis of limited evidence from measurements of the ratio in local diffuse clouds, is likely to have been about 7 Li/ 6 Li = 10, a ratio clearly ruled out for IRAS 19285+0517. However, for this star, we cannot exclude the possibility that a small amount of lithium was destroyed subsequent to the accretion. Since 6 Li is destroyed about 70 times faster than 7 Li, even the loss of trace amounts of lithium ensures effectively complete destruction of 6 Li.
CONCLUDING REMARKS
With the discovery of extra solar planets in close elliptical orbits, accretion of giant planets by red giants is a virtual certainty. That this phenomenon can account for all of the known Li-rich giants is uncertain. Accretion without activation of the 3 He reservoir certainly cannot account for the super Li-rich stars which have more Li than the ISM value. It would be helpful to extend the detailed analyses of the Li-rich giants. Extensions should include a uniform abundance analysis for the light elements (and isotopes) C, N, and O for a sample including normal K giants, so that subtle differences between Li-rich and Li-normal giants may be distinguished. Extant analyses show that there are no large differences (Berdyugina & Savanov 1994; da Silva et al. 1995) . Measurement of the beryllium abundance in Li-rich giants would be valuable. Accretion of a planet or brown dwarf restores the Be abundance.
Conversion of the 3 He reservoir to 7 Li does not return the Be abundance to its pre-diluted value (Castilho et al. 1999 ).
Measurements of the 7 Li/ 6 Li ratio should be extended to other stars. Positive detection of 6 Li would favor the accretion scenario. In this regard, we note the recent detection of 6 Li -20 -in the atmosphere of a main sequence star with a giant extra solar planet (Israelian et al. 2001) suggests that the star has accreted one or more former planets. Early accretion of this kind will not account for Li-rich giants like IRAS 19285+0517, because in evolution to the red giant phase, the convective envelope will dilute the lithium to below the observed abundance of IRAS 19285+0517.
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